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A Magyar Geofizikusok Egyesülete és a M. Áll. Eötvös Loránd Geofizikai 
Intézet jubileumi ünnepségén, június 29-én még hallgattuk érdekes előadását. 
Amikor az előadás után beszélgetett munkatársainkkal, senki nem gondolta, hogy 
alig egy héttel később el kell tőle végleg búcsúznunk.
A tudós E g y e d  László, Kossuth-díjas, a Magyar Tudományos Akadémia 
rendes tagja, az Eötvös Loránd Tudományegyetem Természettudományi Karának 
dékánja, a Geofizikai Tanszék tanszékvezető egyetemi tanára, a tanszéki akadémiai 
kutatócsoport vezetője, az Űrkutatási Kormánybizottság tagja, a Magyar Geo­
fizikusok Egyesületének társelnöke, a Nemzetközi Űrkutatási Bizottság (COSPAR) 
elnökségi tagja, a Nemzetközi Geodéziai és Geofizikai Unió Magyar Nemzeti Bizott­
ságának titkára, az Oktatásügy Kiváló Dolgozója, az Eötvös Emlékérem tulajdo­
nosa, a Geofizikai Közlemények Szerkesztőbizottságának hosszú ideig tagja, mint 
ember minden geofizikusnak jó barátja és a fiatal generáció támogatója volt. A geo­
fizikának szinte minden területén kimagasló munkát végzett és tudományos hire, 
tekintélye messze túljutott a haza határain.
A magyar geofizikát, a Geofizikai Intézetet és a magyar geofizikusokat pótol­
hatatlan veszteség érte halálával.
A Geofizikai Közlemények Szerkesztősége mély megrendüléssel és fájdalommal 
búcsúzik E g y e d  Lászlótól.
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G E O F IZ IK A I K Ö Z L E M É N Y E K  
X IX . k ö te t, 3— 4. szám
A KÖZÖS 3IÉLYSÉGP0NT0S (GDP) ÉSZLELÉSI RENDSZEREK 
HATÁSOSSÁGA AZ OFF-SET, VALAMINT A TÖBBSZÖRÖSÖK 
SPEKTRUMÁNAK FÜGGVÉNYÉBEN
BODOKY TAMÁS*—GREUTTER ANTAL*
T. B O D O K Y — A. G R E U T T E R
T H E  EFFIC IE N C Y  OF CDP SYSTEM S AS A FUN CTIO N  
OF T H E  OFF-SET A N D  SPECTRUM  OF M U LTIPLES
The attenuation-factor ( Ф) o f split-spread and end-shooting CDP system s is ca l­
culated as a function o f the off-set and frequency-peak o f  m ultiples. In  case o f  spectra 
encountered in practice, Ф m axim um  o f a  split-spread system  is sensitive to  changes in 
the spectrum , while that o f  an end-shooting system  is insensitive to  them .
T. Б О Д О К И -А . ГРАЙТТЕР
ЗАВИСИМОСТЬ ЭФФЕКТИВНОСТИ СИСТЕМ НАБЛЮДЕНИЙ ПО МЕТОДУ
ОГТ ОТ ШАГА СЕЙСМОПРИЕМНИКОВ И ОТ СПЕКТРА КРАТНЫХ ВОЛН
Авторами была подсчитана зависимость эффективности подавления кратных волн (Ф) 
при системах наблюдения по методу ОГТ с пунктом взрыва в центре и в конце стоянки от 
шага сейсмоприемников и от частоты кратных волн. В практически наблюдаемых спектрах 
максимум функции Ф для системы с пунктом взрыва в конце стоянки не зависит, а для си­
стемы с пунктом взрыва в центре стоянки —• зависит от изменений спектра.
Ez a tanulm ány a Geofizikai Közlemények X IX . köt. 1—2. számában 
megjelent „Az optimális terítési geometria meghatározása közös mélységpon­
tos észlelési rendszerekben” című tanulm ányunk kiegészítése (Bodoky — 
Gretjtter, 1970).
Előző cikkünkben a közös mélységpontos észlelési rendszerek hatásosságá­
nak mértékéül a többszörös reflexiók energiájának az összegzéskor bekövetkező 
csökkenését, tehát az összegzés utáni, ill. az összegzés előtti többszörös-energia 
arányát vettük. Bem utattunk egy modellszámítási eljárást ezen arány (Ф) 
kiszámítására.
A k ézira t beérkezése: 1969. nov. 1.
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A számítás eredményeként nyert 0(d) görbékből eldönthető, hogy a (7-vel 
(„Roll along”) és a Л -ve 1 (Mayne-féle) jelölt rendszerek további vizsgálatának
— e rendszerek csekély csillapító hatása, valam int összegcsatornáik sokféle 
típusa és az egyes típusok szűrőhatása között jelentkező erős eltérések m iatt — 
gyakorlati szempontból nincs sok értelme.
Ezért további szám ításainkat csak az A -val jelölt középlövéses és a 71-vel 
jelölt végpontlövéses rendszerre (ahol a robbantópont a terítés utolsó geofon- 
jától egy geofonköznyi távolságra van) végeztük el.
Előző cikkünkben a 0(d) görbék kiszámításakor olyan waveletet használ­
tunk, amelynek spektrumcsúcsa 47,5 Hz-nél volt. Tekintettel azonban, hogy 
egy közös mélységpontos észlelési rendszerű mérés tervezésekor nemcsak az 
észlelési rendszert és a geofontávolságot választhatjuk meg szabadon, hanem
— a műszer szűrőinek beállításával — bizonyos mértékig a felvételek spektru­
m át is befolyásolhatjuk, a 0(d) görbék kiszámítását olyan waveletekkel is 
elvégeztük, amelyek spektrum ának csúcsa 10, 20, 30, 40, 50, 60, 70, 80, 90, 
100 Hz-nél van (1. ábra).
Az eredményeket diagramban ábrázolva a vizsgált összegcsatorna-típus 
0(d, сошах) felületét, vagyis az összegcsatorna többszörös esiI lapítását nyerjük, 
az off-set és a többszörös csúcsfrekvenciájának függvényében.
A 0(d, comax) függvény tehá t nem tekinthető szoros értelemben vett 
0(d, со) átviteli függvénynek, m ert a frekvenciatengely comax értékei nem diszk­
rétek, hanem egy <ymax maximum helyű W(co) wavelet spektrum ot határoznak 
meg. Mivel azonban a gyakorlatban soha sem diszkrét frekvenciaértékekkel 
van dolgunk, a 0(d, comax) függvény a gyakorlati m unkában jobb segédeszköz, 
m int a 0(d, со) átviteli függvény.
A 2. és 3. ábra az A  rendszer két összeg csatorna-típusának, a 4. ábra 
pedig m agának az A  rendszernek 0(d, comax) függvényét m utatja  be. А В 
rendszer 4 összegcsatorna-típusának 0{d, comax) függvényei mind egymáshoz, 
mind pedig a teljes rendszerre szám ított 0(d, wmax) függvényhez nagyon ha­
sonlítanak, ezért csak az utóbbit m utatjuk be (5. ábra). A teljes rendszerre 
szám ított 0  függvényen a rendszerben szereplő 24 összegcsatorna 0  függvé­
nyeinek átlagát értjük.
Az előző számításainkból nyert 0(d) függvények vizsgálatából kitűnt, hogy 
a  többszörös reflexiók eltávolítására а В  rendszer a legalkalmasabb, m ert ez éri el 
a legnagyobb csillapítást, ez éri el m aximum át a legrövidebb geofontávolságok- 
nál és az ebben szereplő összegcsatorna-típusok hatása között legkisebb a szórás.
A 0(d, o>max) függvények menetének vizsgálata — különösen a teljes A  és 
teljes В  rendszerre szám ított diagramok összehasonlítása (4. és 5. ábra) — eze­
ket az eredményeket a 73-rendszer egy újabb előnyével egészíti ki: a maximum 
helye 20 Hz fölött, tehát a gyakorlatban szokásos értékeknél, m ár alig függ a 
többszörös spektrumától, míg az A  rendszer erre kb. 50 Hz-ig igen érzékeny.
A gyakorlati mérések szempontjából összefoglalva a két tanulm ány szá­
m ításait: megállapíthatjuk, hogy a vizsgált rendszerek közül a többszörös 
reflexiók kiküszöbölésére legcélszerűbb a  végpontlövéses (illetve a terítésen 
túlról meglőtt) közös mélységpontos rendszerek használata.
IRODALOM
B odoky T .—Gretjtter A ., 1970: Az optim ális terítési geom etria meghatározása közös
m élységpontos észlelési rendszerekben. Geofizikai K özlem ények, X IX . 1 — 2.
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1. ábra: А  Ф(й, wmax) diagramok szám ításához felhasznált waveletek spektrum ai 
F ig . 1 W avelet-spectra used for calculating Ф(0, comax) diagrams 
Рис. 1. Спектры волн, использованных для вычисления графиков <P(d, шмакс)
8 Bodoky T.—Greutter A.
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2. ábra : Az A  rendszer a  típusú összegcsatornáinak Ф függvénye
Fig. 2 Ф function of the a type “stacked” traces of system A
Puc. 2. Функция Ф суммотрасс типа а системы A
A közös mélységpontos (CDP) észlelési rendszerek . . . 9
3. ábra: Az A  rendszer b típusú összegcsatornáinak Ф függvénye
Fig. 3 Ф function of the b type “stacked” traces of system A
Рис. 3. Функция Ф суммотрасс типа б системы А
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4. ábra: A  teljes A  rendszerre számított Ф függvény
Fig. 4 Ф function for the entire A  system
Puc. 4. Функция Ф для всей системы А
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5. ábra: A teljes В  rendszerre számított Ф függvény
Fig. 5 Ф function for the entire В  system
Рис. 5. Функция Ф для всей системы В
250 т
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FOURIER-TRANSFORMS OF THE TIDAL VARIATIONS IN THE 
INTENSITY OF GRAVITY
P. VARGA*
VAEGA P É T E K
A FÖ LDI Á R A PÁ L Y  GRAVITÁCIÓS VIZSGÁLATA  
FOURIER-TRANSZFORM ÁCIÓVAL
Fourier-transzformációval analizáltuk a Tihanyban, 1967 m ásodik félévében kapott, 
gravitációs regisztrátum okat; m eghatároztuk az árapály fő komponenseinek, a K lt O ,, 
M„, S 2 és N„ hullám oknak az am plitúdóhányadosait (<5) és fáziskülönbségeit (к). A szám í­
tásokban a cosinus és sinus transzform ációkat a Gibbs-féle szorzókkal alkalm aztuk. 
M inthogy a v izsgált jelenséget poliharmonikus függvény írja le, a  cosinus és sinus transz- 
form ációk azt m utatják, hogy valam ely со,- frekvencia m ellett, a  közeli frekvenciájú  
hullám ok a m eghatározandó am plitúdókra és fázisokra m ilyen hatást gyakorolnak. Áz 
analízis arra m utat, hogy ez a hatás egyrészt a  szom szédos hullám ok frekvenciájától, 
m ásrészt az észlelési sorozat hosszától függ. A z árapályhullám -összetevők frekvenciáit 
elm életileg ismerjük; a sinus- és a cosinus-transzform ációkat torzító hatásokat tehát 
m inden со/ frekvenciára pontosan m eghatározhatjuk. I ly  m ódon valam ely vizsgált со/ 
hullám  am plitúdója és fázisa, ill. az elm életi és szám ított hullámhoz v iszonyított am pli­
túdóhányadosa és fáziskülönbsége is m eghatározható. Ilyen  szám ításnál term észetesen  
élnünk kell azzal a (széliében használatos) feltételezéssel, hogy a közeli frekvenciájú  
hullám ok am plitúdóhányadosainak és fáziskülönbségeinek értéke egyforma.
A Fourier-transzfoim áeióval m eghatározott ô és x értékeket összehasonlítottuk az 
árapály vizsgálatára szolgáló speciális analízisek eredm ényeivel. E ltérésük a speciális 
analízissel kapott értékektől nem nagyobb, m int ezek egym ás közötti eltérései. E redm é­
nyeinket tehát m egbízhatónak tekinthetjük. A nalízisünk teljes sorozatra tám aszkodott; 
egyútta l azt is m egállapítottuk, hogy a m eghatározás pontossága az észlelési sorozat 
hosszúságával arányos.
П. ВАРГА
АНАЛИЗ ЗЕМНЫХ ПРИЛИВОВ С ИСПОЛЬЗОВАНИЕМ ТРАНСФОРМАЦИИ
ФУРЬЕ
С использованием трансформации Фурье анализу подвергались гравиметрические за­
писи, полученные в Тиханьской обсерватории за второе полугодие 1967 г. Были определены 
частные амплитуд (<5) и разности фаз (к) основных составляющих приливов —  волн К„ О,, 
М2, S2 и N2. При вычислениях косинусные и синусные преобразования применялись с коэф-
M anuscrip t received : 10, 10, 1969.
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фициентами Жиббса. Поскольку рассматриваемые явления описываются полигармонической 
функцией, косинусные и синусные преобразования содержат влияние близких по частоте 
волн при определенной частоте со,- на определяемые амплитуды и фазы. В результате анализа 
было обнаружено, что это влияние зависит от частоты соседних волн, с одной стороны, и от 
продолжительности серии наблюдений — с другой. Частота составляющих приливных волн 
теоретически известна, следовательно эффекты, искажающие синусные и косинусные пре­
образования, могут быть точно определены для каждой частоты со/. Таким образом можно 
определить и амплитуду и фазу некоторой изучаемой волны си/, а также частное амплитуд 
и разность фаз по сравнению с теоретической и расчетной волной. Само собой разумеется, 
что при таких расчетах необходимо задаваться широко распространенным предположением 
о равности частных амплитуд и разностей фаз близких по частоте волн.
Величины {  и », определенные с использованием преобразования Фурье были сопо­
ставлены с результатами специальных анализов по изучению приливов. Их отклонение от 
последних не превышает степень отклонения этих результатов между собой, в связи с чем 
наши результаты могут считаться достоверными. Проведенные анализы основывались на 
полную серию наблюдений. Одновременно было установлено, что точность определений 
пропорциональна длине ряда наблюдений.
A six-month g variation recording was carried out in the Tihany Obser­
vatory in 1967. After a special tidal analysis (Lecolazet, Venedikov, Pertsev) 
Fourier-transforms have been applied to  the series of data. In doing so, two 
aspects were kept in m ind: a) to  compare the earlier results with those ob­
tained through Fourier-transforms; b) to  make out the suppressing effect of 
similar frequencies in function of the number of data.
The research was concentrated on the main tidal components (К1г 0 l , M 2, 
S2, 7V2) only. Their amplitude-quotients (ô) and phase-differences (x) were 
determined. The theoretical amplitudes and phases of the components men­
tioned were calculated in advance as well as those of similar frequency waves, 
whose effects could not be completely excluded. Formulas applied:
1. for amplitudes (Pariisky, 1961):
semi-diurnal
waves
Ai=Cj[ 1 — e sin2 ip] cos2 ip, (la)
to ta l daily 
variation
Ai=G,[ 1 — e sin2 y>] sin2 ip. (lb)
2. for phases (Doodson, 1928)
Vi = h ix +  h is +  h f i  + KiP +  h f l + ^6/Pi • (2)
The param eters of the foimulas quoted:
A , the amplitude of a single tidal wave i
Vi the phase of a single tidal wave i
Кц ’ K 2l. . . K 6i characteristic coefficients for a single tidal wave i
e eccentricity of the Globe
V geocentric latitude
X local lunar mean time in degrees
s mean lunar longitude in degrees
h mean solar longitude in degrees
P longitude of the Moon a t the perigee, in degrees
n longitude of the Moon’s ascending node in degrees
Pi périhélie longitude in degrees.
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The theoretical value of the gravitational tide in an instant t :
y(t) =  2  Ai cos (cojt+cp).
1=1
(3)
Measured values, having excluded shifts, sensitivity-changes and drift :
П
y(t) = 2  М /  cos (с о +  cpi + x ) .  (4)
i=i
Consequently, the phenomenon examined can be regarded apart from 
observational errors, as purely polyharmonic, and expressed as
y(t) =  2  (ai cos coit + bi sin co,t), (5)
where a, =  А,- cos cp h and hl = — А,- sin q?,- for theoretical waves and 
a, =  0,A,- cos (cpi + Xj), and bt = — 0,-A,- sin (g?, + «,) 
for observed waves.
In  analyzing the amphtudes and phases of wave-components in (5), 















sin cot • y(t)dt.
( 6 )
(7)
Substituting y(t) by (5) in these formulas, we obtain
U(a>)= 2  -r{S i[n ~ (ci —<u,)i] +  ^ [7r-|-(co —cü,)i]-|-
i=i 4
+  Si[n — (со +  со) • L \  +  Si[n + (со +  co)L]j 
V(co)= 2  {'S'i'Ctt — (со — co)L~\ + S î \ ti +  (co — со)  - Z ]  —
i=i 4
— 8г[л — (со +  со) • L \  — S i\n  +  (со +  co)L\ }.
( 8 )
(9)
2L is the time-span of the phenomenon in question. W ith the aid of (8) 
and (9) the extent of separating a given со,- frequency wave in (6) and (7), 
can be foretold if L  is known. In  other words: the distortion of at and bt.
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values by similar frequency waves can be determined. This is characterized by
the function A=^g{Si\n — (u> — oii)L\ + S i\n  + (co — 03i)L\} —derived from (8) and
(9). Fig. 1 shows the curves of the function with different L-s. Further har­
monics have been neglected. This step, in general, is not justifiable, for it 













F ig . 1 The curve a t different tim e-spans
1 2Л =  0,5 y ear 2 2Л =  1,0 year 3 2 £ = 2 ,0  year
1. ábra. A függvény m enete különböző hosszúságú feldolgozási 
intervallum oknál
1 2 £  =  0,5 év  2 2Z  =  1,0 év  3 2 £ = 2 , 0 é v
Рис. 1. Функция при различных длинах интервала обработанных данных
1 — 2£  =  0,5 года 2 — 2 /, 1,0 год 3 — 2/, 2,0 года
=  0,5 year, as an example, the effect of neglected harmonics is <0,001 for 
both semidiurnal and daily variations со % 30°/h and 15°/li. The peak of 
the function
A = i  {Si[n — (о — (Oj)L + $г'[тг — (со — co,)L]}
obtained in this way (see Fig. 1) is 0,926, since 1/2 Sin  — 0,926.
For U(o)j) and V(oo,-) of the i waves, taken also (5) into consideration, one 
obtains




— F(ft>,) =  <$,[0,926 Ai sin (<р,-+  *,-) +  У Aj A j  sin (q>j + xj),
;=!
as a fair approximation in case of observed waves.
( П )
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In  these formulas, index j  points to the waves th a t are so close to wave г 
in frequency, th a t  they affect U(cOj) and F(co,) (Table I.). As soon as the time- 
span of observations is 2 years, no “outsider” waves affect components ()l , 
J f 2, S2 and At2 .
In  deriving (10) and (11) we m ust have availed ourselves of the commonly 
accepted assumption th a t the Ô, and щ values of nearby waves are identical.
Let us now separate <5, and y.j, as unknown quantities, from the com­
putable A j, A it f i ,  cpj and Aj values:
П
U(со,) =  ô, cos y.j[0,926 A, cos tp, +  2 zJy^ 4y- cos tpj] —
----------------------------------j*‘
П
— <5, sin y.j[0,026 Aj sin <p/+ 21 A j— A j sin tpj\.
J=1j*i
Lenoting the terms in square brackets with E  and F, resp.




V(coj) = — ô, cos y.jFj — bj sin y.jEj
is obtained.
(13)
Solving this equation-system for bt cos x, and <5, sin y.j, 
are obtained for the unknown quantities
the following terms
b c o s h - U{c0i)Ei~ V{c°i)Fi- X  0, cos у., 2(F f + Ef) (14)
x  ^ U(cOj)Fj-V(cOj)Ej
b, sin /.j 2(F f + EJ) ~ Vt' (15)
Thus bj and y.j can easily be determined :
bj =  У xf +  y f , and щ = arc tg . (16)
The amplitude-quotient (b) and phase-difference (x.) of components K y, 0 L,
Mo, S2 and Ar2 were determined with an electronic computer. In  the first step 
the to ta l daily and semidiurnal waves were separated, excluding, a t the same 
time, the drift. The following steps included (6), (7), (14) and (15). Having 
obtained ő, cos y.j and Ô, sin y.j, with (16) the needed unknowns were arrived at. 
In  the end the following amplitude-quotients and phase-differences were ob-
b У
K i 1.135 —2.1°
Oy 1.185 -1 .5 °
M , 1.149 —4.8°
S-г 1.120 — 7.1°
n 2 1.158 —3.9°
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Table I ,
M AIN TID AL W AVES FO R  0,5, 1,0 A N D  2,0 Y EA R S
W ave- A rgum entum
A
type num ber 0,5 year 1,0 year 2,0 years
Kj wave 
162 556 0,056 — 0,009 0 ,0 0 0
163 545 0,340 — 0,033 0 ,0 0 0
P > 163 555 0,362 — 0,041 0 ,0 0 0
1M KS4 o  7ív0 o 0 04.5
* 164 556 0^760 0*363 — o ’o 4 5
165 545 0,926 0,924 0,919
K l
165 555 0,926 0,926 0,926
165 565 0,926 0,924 0,919
165 575 0,924 0,919 0,897
T 1 166 554 0,760 0,363 — 0,045
167 555 0,362 — 0,041 0 ,0 0 0
Oj wave 
143 755 0,449 — 0,027 0,000
144 556 0,760 0,363 — 0,045
145 535 0,924 0,919 0,897
145 545 0,926 0,924 0,919
0 , 145 555 0,926 0,926 0,926
145 655 0,923 0,914 0,882
145 755 0,917 0,890 0,792
146 554 0,750 0,363 —0,045
U P , 147 565 0,362 — 0,041 0 ,0 0 0147 555 0,340 —0,033 0 ,0 0 0
M2 wave 
253 755 0,449 —0,026 0 ,0 0 0
254 556 0,760 0,363 — 0,045
M 2 255 545 0,925 0,922 0,910255 555 0,926 0,926 0,926
256 554 0,760 0,363 — 0,045
тг
S wave 
272 556 0,760 0,363 — 0,045
s 2 273 555 0,926 0,926 0,926
r 2 274 554 0,760 0,363 — 0,045
'275 555 0,362 —0,041 0 ,0 0 0
k 2 1 273 555 0,340 —0,033 0 ,0 0 0
1 275 575 0,323 —0,025 0 ,0 0 0
N2 wave 
245 555 0,923 0,914 0,882
n 2 1 245 645 0,926 0,924 0,919
24 5 655 0,926 0,926 0,926
247 455 0,449 — 0,026 0 ,0 0 0
A rgum entum  n um bers  bearin g  Index  i in  (10) and  (11) in  ita lics
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For comparison, let’s have a look a t the earlier results obtained by me­
thods of Lecolazet, P ertsev and Venedikov (Varga, 1969) :
Lecolazet P ertsev Venedikov
à X à X ô y.
*1 1.139 —2.6° 1.112 — 3.3° 1.124 -3 .0 °
О, 1.177 —0.7° 1.149 +  0,9° 1.219 —0.6°
м 2 1.143 —4.4° 1.134 —4.6° 1.138 — 4.3°
1.136 —8.1° 1.129 — 7.0° 1.128 -6 .9 °
N , 1.153 — 3.2° 1.150 + 0,05° 1.153 — 3.7°
The comparison shows th a t the differences introduced by the  Fourier 
transforms are not greater than  those existing between the results of the cited 
methods. The new results m ay duly claim reliability, for they are based on 
long period observations. Beside this, it is a substantial advantage th a t also 
discontinuous recordings are suitable for Fourier transformation.
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ANALYSIS OF CODAS OF SHALLOW-FOCUS EARTHQUAKES
E. BISZTRICSÁNY*
B ISZ T R IC SÁ N Y  E D E
SE K É L Y F É SZ K Ü  FÖ L D R E N G ÉSE K  F E L Ü L E T I HU LLÁ M -K Ó D ÁJÁ NA K
VIZSGÁLATA
A fö ldrengések felü leti hu llám ain ak  id ő ta r ta m a  főleg a  m é re ttő l függ, a  távo lság  
csak  kevéssé befo lyáso lja  (B isztr ic sá n y , 1968). A  fe lü leti h u llám ok  ta r ta m á n a k  n ag y  
része egy  közel azonos am p litú d ó jú  hu llám szakasz , az  ú g y n ev eze tt kóda. A k i  ja p á n  
k u ta tó n a k  (1969) a  k ó d a  eredetére  a d o tt  m a g y a ráza ta  hu llám szórók  segítségével é r te l­
m ezi a  fe lü leti hu llám ok  id ő ta r ta m á n a k  csak  m ére ttő l való  függését az  ep icen trum  k ö ­
zelében.
Feltételezzük, hogy a szórók széles frekvenciasávú kényszerem ként rezgésre ger­
jesztik a Föld felső részét, am ely a gerjesztés tartam a a la tt váltakozó vastagságú  
lem ezként, rá jellem ző periódussal végzi rezgéseit. Ez a rezgés a felületi hullám ok kis 
abszorpciós együtthatója  m iatt közel azonos időtartam m al terjed. E zért az észlelt kódák  
periódusait elsősorban az átfu tott rétegek saját periódusai határozzák m eg. E zek pedig  
nem  függenek a távolságtól.
5°—50° epicentrum távolságból szárm azó kódahullám ok 1000 adatának felhasználá­
sával periódusgyakorisági görbét szerkesztettünk.
Ezen három  jól m egkülönböztethető gyakorisági m axim um ot találunk: 6,6 —6,6,
7 ,6—-8,5 és 9 ,6—10,5 sec-nál. A  kódák a föld felszínén /г nagyságrendű függőleges elm oz­
dulást hoznak létre. H a ezeket az ún. föld-am plitúdókat a periódusok függvényében  
vizsgáljuk, akkor — a legkisebb négyzetek m ódszerével — a következő egyenletet kapjuk :
T =  4,28 Z — 0 ,4 7 Z 2+ 1 ,8 3 , (1)
ahol T  a kódák periódusa, Z  pedig az am plitúdója.
H ard  tw ig  (1962) mikroszeizmikus talajnyugtalanságra alkalm azott m ódszerét k ö ­
vetve a gyakorisági m axim um ok helyére az (1) egyenletből T , Z  sorozatot szám ítottunk. 
E zekből egym áshoz közel eső T, T ' és Z, Z ' párokat választottunk ki, am elyeket b e ­
helyettesítettünk  a R ayleigh-hullám okra levezethető
Z'
T T '  In —
Z
Z°= (T  — T)0,172
* EL T E -M T A  Seismological O bservatory , B u dapest. 
M anuscrip t received: 29, 12, 1969.
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egyenletbe, ahol z0 a réteg vastagsága. A  következő értékeket kaptuk :
A T  z0 (km)
5 . 6 -  6,6 13,2
7 . 6 -  8,7 18,4
9 ,4— 10,7 29,6
A  három  adat bármelyike korrelálható a K árpát-m edence kéregszerkezetének vala­
m ely lényeges szintjével, am elyeket szeizm ikus m élyszondázással határoztak m eg. Az első 
adat értelm ezése bizonytalan, a  m ásodik valószínűleg a Conrad határfelületig terjedő 
kéreglemez vastagsága ; a harmadik adat pedig valószínűleg a Moho határfelületig terjedő 
lem eznek, vagyis magának a földkéregnek a (m aximális) vastagsága.
Mind a m odellkísérletek, m ind pedig a sekély fészkű rengések kódájának vizsgálatai 




НАБЛЮДАЕМЫХ ПРИ НЕГЛУБОКОФОКУСНЫХ ЗЕМЛЕТРЯСЕНИЯХ
Продолжительность поверхностных волн землетрясения зависит, в основном, от раз­
мера, причем расстояние незначительно влияет на нее (Бистричань, 1958). Большая часть 
продолжительности поверхностных волн представлена отрезком волны почти аналогичной 
амплитуды, так называемой кодой. По соображениям японского исследователя Аки (1969) 
о природе коды, зависимость продолжительности поверхностных волн только от размеров 
объясняется наличием в близи эпицентра рассеивателей волн.
Предполагается, что рассеиватели, как принудительные силы широкого частотного 
диапазона, заставляют верхнюю часть Земли выполнять вибрации. Эти вибрации имеют 
периоды, характерные для изменяющейся мощности мантии. В связи с низким значением 
коэффициента поглощения поверхностных волн, эти колебания распространяются с почти 
одинаковой продолжительностью. Поэтому периоды наблюдаемых код определяются, 
прежде всего, собственными периодами пройденных пластов, а последние не зависят от рас­
стояния.
С использованием 1000 данных о волнахкодах, полученных для эпицентральных расстоя­
ний 5°— 50°, была составлена кривая повторяемости периодов. На этой кривой выдеяются 
три хорошо выраженных максимума повторяемости со временами 5,6— 6,5; 7,6— 8,5 и 9,6—  
10,5 сек. На поверхности земли коды вызывают вертикальное смещение в размере порядка 
первых единиц микрона. Если изучать эти так называемые амплитуды Земли в зависимости 
от периодов, то по методу наименьших квадратов получается следующее уравнение:
T = 4,28Z—0,47Z2 +1,83, (1)
где Т — периоды код и Z — их амплитуда.
С применением метода Хардтвига (1962) для определения микросейсм, для максиму­
мов повторяемости были подсчитаны ряды T, Z по уравнению (1). Из этих рядов выбира­





г° (Г —Т) 0,772 ’
где Z0 — мощность слоя. Были получены следующие величины:
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Каждая из указанных величин коррелируется одним из основных горизонтов земной 
коры Карпатского Бассейна, определенных по данным ГСЗ. Первая величина интерпрети­
руется неоднозначно, вторая соответствует, по всей вероятности, мощности слоя коры до 
поверхности Конрада, а третья величина — по всей вероятности, мощности слоя до поверх­
ности Мохоровичича, т. е. (максимальной) мощности самой коры.
Как модельные исследования, так и изучение коды неглубокофокусных землетрясений 
подтверждают, что коды могут рассматриваться как почти свободные колебания слабо свя­
занных между собой плит (слоев).
Introduction
As referred to  earlier (B is z t r ic s á n y , 1958 a, b), the magnitude of shallow- 
focus earthquakes can be correlated not only to  the amplitudes of different 
wave-types bu t also to the duration of the surface-waves. The interrelation is 
expressed in the following formula
M  — a log t + bA° + c, (1)
where M  is the magnitude, t is the duration in minutes, A0 is the epicentral 
distance in degrees.
The same formula, as expressed for the Wiechert-seismograpli (Budapest) : 
M  =  2,12 log# +  0,007/1° +  2,66. (la)
U nder the term : last vibrations in both equations, the train  of trailing 
last waves, recorded by a seismograph of certain performance and magnifica­
tion, are meant, obviously differring from the actual term ination of the sur­
face waves. The last vibrations, sometimes, scarcely differ from microseisms. 
Equation (1), however, is valid for every shallow-focus earthquake, a t least in 
the general, one might say, statistical, sense of the word.
The param eters of a recorded surface wave depend on the mechanism of 
the release and travel, on the structural (furthermore, geotectonical) conditions 
between the focus and the recording station, and on the instrum ental charac­
teristics of the recording seismograph.
The forthcoming analysis is based on records of a seismograph of very 
small distortion, described later.
Equation (la) clearly shows th a t the coefficient of A° is rather small. 
Similar formulas have been obtained elsewhere (So l o v ie v , 1965; T s u m  URA, 
1967), too. They were utilized, by neglecting the term A°, for magnitude- 
determ ination of near earthquakes.
Recent research has completed the above-mentioned advantage by direct­
ing attention to the hitherto unexplained last vibrations: the so-called coda, 
which represents, even if regarding its duration, a significant section of surface 
waves.
Surface waves have, as it  is well known, two essential components : Love- 
waves and Rayleigh-waves (i. e. their modes). Theoretically, however, their 
existence could be explained within a short interval (duration) only, 
although they  have a long, distance-independent attenuation time. For this 
phenomenon no satisfactory explanation has been offered so far.
The m agnitude of the 1956 Budapest (Dunaharaszti) earthquake was, 
according to  the records of the Krumbach-seismograph of the Budapest Ob-
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servatory, M =  5,6. The time-span of its surface wave proved to be abt. 20 min., 
consequently the velocity of its trailing waves never reached even as high as 
20 m/sec.
Referring to Equ. (la), when M =  6,5, the time-span of surface waves is 
abt. 60 min, and their velocity is 5—6 m/sec. Thus, with increasing magnitude, 
the velocity of trailing waves decreases. And, since, a t the same time, their 
duration shows an altogether very small reduction with distance, the coda- 
concept had to be introduced into the interpretation, requiring research to 
trace the generation and travel of coda.
Conditions oî coda-generation
According to the well-known theoretical assumption, surface waves (i. e. 
their modes) are generated by constructive interferences of body waves. The 
body waves, responsible for the generation of surface waves, travel either with 
total-reflection (if so, with slight energy-loss) or with a so-called “leaking” 
reflection (if so, with greater energy-loss). In  the very nearby surroundings of 
the epicenter, to tal reflection can occur on the interface between the topmost 
sedimentary complex and the underlying formation of higher elasticity.
Consequently, energy will rapidly leave the epicenter’s vicinity. This rapid 
energy-loss is not revealed by any record. The existence of the coda cannot be 
verified in this way.
W ith regard to the epicenter’s surroundings Aki (1969) gave explanation 
for the length of coda. He assumed th a t codas are scattered waves on records 
of local shocks observed with short-period seismographs, arisen in consequence 
of the heterogeneity of the near-surface geology. In  other words : the coda, 
this elongated, slightly vibrating section of a surface wave, is generated by 
scattering, diffraction, reflection of radiated waves on protruding objects of an 
interface. The coda is nothing else than  a “tim e-stretch” of waves arriving at 
the location of recording, from various directions and various distances.
In  the following discussion, it will be assumed th a t these scattered waves 
exert a wide-band force on the unequally thick rock-slabs of the Globe, 
exciting and forcing them to vibration. The period of these vibrations depends 
on the thickness and physical properties of the rock-slabs (henceforth some­
times : layers, for short) and on the size of the source-area.
I f  so, surface waves could be regarded as plate-vibrations as well. In  the 
following, a close examination will be given, whether in the surface wave 
groups of a record, the properties of plate-vibrations can or cannot be recognized.
Dispersion analysis with the aspect of plate-vibration
In  another paper (Bisztricsánv, 1970) the surface waves of an Atlantic 
quake of the following param eters were analyzed: cp= 1,65 N , A =15,5  W, 
H  =  08 01 3.8,8, M  = 6 .3/4. On the record of a vertical seismograph eight narrow- 
band mathematical filters were applied with the following band-passes :
1 4 < ^ < 1 6 ,  16ä T < 1 8 ,  18ä 'T<20, 20=s T < 2 2
2 2 < У < 2 4 , 24 ä T < 2 6 ,  26=s T ä 28, 28=s T < 3 0
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The shape of vibrations obtained in this way (Fig. 1) is very similar 
to the well-known figure of the forced vibrations of definite duration 
(Fig. 2).
Before going on with the analysis of the results of Fig. 1, let us give a 
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F ig . 1 Narrow-band m athem atical filtering on a record 
1. ábra Szűksávú m atem atikai szűrőkön átengedett 
szeizmogramok
Рис. 1. Сейсмограммы, полученные после применения 
узкополосных математических фильтров
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F ig . 2 Forced vibrations 
(after Trendelenburg) 
a) force 
b) v ib ra tio n
2. ábra Kényszerrezgések  
(Trendelenburg nyom án)
a) kényszerítő  erő
b) kényszer rezgés
Рис. 2. Принудительные 
колебания (по Тренделен- 
бургу)
а) принудительная сила 







F ig . 3 
3. ábra
The vibration-characteristics of infinite, homogeneous plane-parallel plates 
were m athematically established by Lamb (1917).
Let the plane defined by coordinates x , у  coincide with plane z = 0 (Fig. 3), 
where 2 points upward, and the limiting planes of the plate of a thickness H  be
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The components и  and w of the displacement-vector should satisfy the 
following equations :




0 j + / i
d w  
~dz ’
where q is the density, t is the time, X and и are the Lamé-constants. Introducing 
Ф and ip scalar and vectorial potentials in the
8Ф dw
” = a i + a i ;
dip
dx
way, these satisfy the Equations
0-ф d2w
-qPT=V*A0  and - ^  = v4y>
Since our endeavour is to  describe surface waves of a plate, functions Ф 
and ip should be formulated accordingly :
Ф = ( A ch qz + В  sh qz)eik(-x~ct)
1p = (C ch rz+ D  sh rz)eik('x~d'>
Taking the stress limiting conditions p xz = 0 and p zz = 0 on the defined
Hlimiting planes z = + — into consideration, period-equations
t g h - r
7 7 b ~




t g h - g
7 Т Н ~
t gh — -
4qr 
k 2m 2
c2are obtained, where m = 2 — - . These equations offer a relation for plate-
V1
thickness H, for к, and consequently for wave-length L.
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Introducing the terms
H _ c IcH tiH
L = l ’ v  =  4 “ d ^  = T T  = *
^ I ~  ^ J
and -  =  X, further assuming th a t /. = g , one obtains th a t =v \  3, i.e. =  ^ = .
Substituting the obtained quantities in the period-equations, the la tte r can be 
w ritten in the following form:
t g h y r | ] / T
tgh я |] /1 — и2! 2
/ ( l - 9 7 2)(l-% 2??2
tgh ]/1 — /(1  — îj2)(1 — yp-yf)
tgh J i l / l  — r f
or
1 ~  2
The consequence of the bivalence of roots in both equations is th a t two 
relative phase-velocities ( r[) belong to  any given wave-length L, the plate- 
thickness being constant. This means two dispersion-curves. Because of the 
periodical nature of the tgh functions, several modes can be linked to  both 
curves. Thus, it  is obvious th a t having analyzed the plate-waves, dispersion- 
curves are, in fact, a t hand. And now let us tu rn  our attention to  the filtered 
records of Fig. 1.
Dividing the epicentral-distanee by the arrival time of the maxima of 
the arrow-indicated wave-groups of Fig. 1, the velocities of the wave-groups 
are obtained. Compa­
ring these empirical km/sec
data  with H a s k e l l ’s  
(1953) theoretical curve 
and with the empi­
rical da ta  calculated in 
the usual way, the dif­
ferences are insignifi­
cant (Fig. 4) in either 
case.
Although the re­
sults represented by 
Figs. 1 and 4 give yet 
no final justification to 
regard the surface wave 
as a plate-vibration, 
still they are suitable 
to  draw the attention 
to  this possible direc­
tion of our investiga­
tions.
F ig . 4 Dispersion-com parison
•  p resen t m ethod  
Л tra d itio n a l m ethod
4. ábra D iszperzió-összehasonlítás
•  s a já t m ódszer 
д  hagyom ányos m ódszer
Puc. 4. Сопоставление разбросов 
•  по собственному методу 
д  по стандартному методу
28 E. Bisztricsány
The vibration-process was, in the foregoing, sketched so, th a t looselv 
coupled plates vibrated with different resonant-frequencies. I f  so, there must 
exist a dominant period, depending on the thickness of the plate, exceeding 
the rest of the spectrum in recurrence.
In  the following items, our investigations of this kind will be summed up, 
including both ultrasonic model-tests and natural earthquakes.
Ultrasonic model-tests of plate vibrations
I t  is well known th a t in infinite, elastic solid media, the velocity of longi­
tudinal waves
C L =
l ~ g (
1 +  cr)(l —  2 a )  ’ ( 2)
and th a t of transverse waves
CT  —
1
W + Ö )’ (3)
where E  is Young’s modulus, a is the Poisson-ratio. The value of the former, 
in solid bodies, varies between 5 • 109 and 5 • lO10 N jm 2, while th a t of the latter, 
between 0,2 and 0,46. Accordingly, velocities vary between 1000 m/sec and 
5000 m/sec.
Our first model consists of an aluminum, resp. a synthetic resin plate 
(disc) in a staggered arrangement (Fig. 5), similar to the model of H ealy and 
Press (1960).




QiT i + Q2T,
1 - a f  1 +1




Thus, a T v T : layered plate’s 
longitudinal velocity CL is
C l  = e iC lT i+ Q fil?*
Q\T i +  QiT i
(5)
and its transverse velocity CT is
p f V A  + r j/A T ,  
1 e1T 1 + Q2T 2 ( 6 )
as long as ,
The validity of (5) and (6) for the 
model of Fig. 5. has been experimen­
tally proved (Healy—P ress, 1960). 
This staggered disc-model is, in fact, 
a multilayered earth-model, where,
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proceeding toward the centre of the disc, 
wave velocity increases according to (5) 
and (6). Namely, the aluminum-thick­
ness likewise increases in the same di­
rection and wave velocity in aluminum 
is greater than  in synthetic resin (Fig. 6).
One of the aims of model-tests was 
to  establish conditions unknown in N a­
ture (Ak i, 1969). In  Nature i.e. in the 
near-surface layers, namely, a great deal 
of scattering objects are, according to 
Ak i, evenly but irregularly situated, ge­
nerating a stray  wave-field.
In  fact, two models were construc­
ted  : one w ith—another without scatter­
ing objects, in order to  compare the be­
haviour of both media. When calibrating 
the realistic earth-model, it had to be ta ­
ken into consideration th a t the velocity 
and reflection index of ultrasonic wa­
ves depended on the geometry of the 
medium traversed.
I f  a m aterial of an acoustic impe­
dance Qkck is embedded in a medium of 
an acoustic impedance о,с, with tight 
coupling, then, in case of normal in­
cidence (perpendicular traversing) the 
reflection-index
Ji = ________к 2" 1)2_______ (7)
(д2+ 1 )2 +  4д,а ctg2 (2jrd/A)
where dis the thickness of the embed­
ded object (plate), Я is the wave-length 
and q is the ratio of the acoustic impe­
dances (that of the embedding medium 
being in the numerator).
Formula (7) shows th a t the reflec­
tion index depends, aside from q and 
on d, too. R  is a t maximum when
V
F ig . 6 W ave-velocity  in p lates in the  
function o f  thickness
—  alum inum  
—  sy n th e tic  resin
6. ábra Hullám sebesség a lemez vastagság  
függvényében
—  alum ínium
—  m űgyan ta
Puc. 6. Зависимость скорости распростра­
нения волны от мощности пройденной 
плиты
—  алюминий
—  ислусственная смола
and thus one obtains
: (2ft — 1 ) _
4
n =  l, 2, 3, . . .
g 2— ! ' 
q - +  1
( 8 )
As to the minimum-value of R, it converges toward zero if
d = n ? p  n=  1 , 2 , 3 , . . .  (9)
Equ. (7) gives values of It of synthetic resin embedded in aluminum, in the 
function of d.
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The ultrasonic seismoscope starts 25 pulses per seconds, i.e. the time-span 
of the attenuation of waves, as will be shown, is much shorter than  the pulse- 
interval; thus, subsequent pulses don’t  disturb each other.
The disc-model, however, proved to  be unreliable for three reasons.
The first reason was th a t waves reflected from the inner rim of the disc 
by too quick reflections might have disturbed the surface wave pattern  
(although several check-ups were made, the only result was the necessity of 
another model).
The second reason was that, although the staggered model symbolized the 
E arth  well, and was suitable to trace the travel of body waves, the continuous 
reflections from the inner boundaries screened the trailing section of surface 
waves (Figs. 7, 8).
The third, and most serious, reason was th a t the model allowed exclusively 
tigh t coupling between the layers, although, as it  will be shown later, one of 
the most essential factors of our concept is loose coupling.
For the above-mentioned reasons, three new models were constructed and 
laid under test. The new models were square aluminum-sheets of 1 m edge- 
length. Two of them were 1 /2 mm, one of them was 1 mm thick. One of the
F ig . 7 Travel-tim e curve for the disc- 
m odel
7. ábra A  tárcsa-modellre vonatkozó  
ú t —idő görbe
Puc. 7. Г одограф для дисковой модели
V
m/sec
F ig . S Apparent velocity  vs. distance 
curve for the disc-m odel 
8. ábra A  tárcsa-modellre vonatkozó lá t­
szólagos sebesség/út görbe 
Рис. 8. Кривая зависимости кажущейся ско­
рости от пройденного пути для дисковой 
модели
Analysis of codas of shallow-focus earthquakes 31
1/2 mm thick sheets was punched by several, irregularly arranged 5X 15 mm 
parallelepiped-holes, inlaid by synthetic resin. A pulse-signal transm itter was 
placed in the corner of the sheet, the receiver was spaced 10 cm off, diagonally, 
to exclude the above described screening effect of the rim-waves. The latter, 
namely, require an interval of a t least 400 microseconds, the useful length of 
our record, on the other hand, remained well below this value. Thus, measure­
ments were made both with a plain (Fig. 9) and with an inlaid sheet (Fig. 10).
W hen comparing these figures, the different length of the respective wave- 
patterns is conspicuous. In  case of the inlaid plate the attenuation of the wave
F ig . 9 Shape o f  vibrations in  a 0,5 m m  thick  alum inum -plate  
9. ábra 0,5 m m  vastag alum ínium  lem ezben gerjesztett hullám ok rezgésképe 
Puc. 9. Волновая картина колебаний, возбужденных в алюминиевой плите мощностью 0,5 мм
10 jj sec
F ig . 10 Shape o f  vibrations in a 0,5 m m  thick alum inum -plate inlaid w ith scattering ob ­
jects o f  synthetic resin
10. ábra 0,5 m m  vastag, m űgyanta szórókkal m egtűzdelt alum ínium  lem ezben gerjesz­
te tt  hullám ok rezgésképe
Puc. 10. Волновая картина колебаний, возбужденных в алюминиевой плите мощностью 
0,5 мм с рассеивателями из искусственной смолы
is completed by an elongated, high-frequency signal. The maximum amplitude, 
however, doesn’t  reach th a t of the plain plate.
Fig. 11 demonstrates the wave-pattern of the 1 mm thick plate. The 
maximum amplitude exceeds those of both former ones. The attenuation tim e- 
span is somewhat longer than  on Fig. 9, bu t shorter than  on Fig. 10. The 
wave-pattern obtained, bears testim ony to  the assumption of Ak i : the a ttenu­
ation-section of waves in the inlaid plate (containing scattering objects) is 
longer, even beside smaller maximum-amplitudes. Codas can, consequently, 
really be generated by scattering objects.
Hence, the next step in the analysis has to involve the examination o f 
dominant periods and characteristic vibration-pattern for individual plates in 
the following arrangements: different plate-thicknesses; plain versus inlaid 
plates; single versus coupled duplex; tigh t coupling versus loose coupling.
Omitting unnecessary details, the most promising arrangement was the 
following: a 1 mm thick plain aluminum plate overlain by an inlaid 1/2 mm 
thick plate, with lube-grease inbetween in order to  a tta in  loose coupling and 
an a t least partial wave-penetration into the thick bottom -plate w ithout block-
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F ig. 11 Shape o f  vibrations in a 1 mm  thick alum inum -plate 
11. ábra 1 m m  vastag alum ínium  lem ezben gerjesztett hullám ok rezgésképe 
Puc. 11. Волновая картина колебаний, возбужденных в алюминиевой плите мощностью 1 мм
F ig . 12 Shape o f  vibration for a two-layered plate (duplex), w ith loose coupling (lube- 
grease inbetween); top-layer 0,5 m m  thick inlaid plate, bottom -layer 1 m m  thick plain
plate
12. ábra K ét lemezben terjedő hullám ok i'ezgésképe; a két lem ez között csapágyzsír ré­
teg helyezkedik el: a  felső lem ez 0,6 m m  vastag m űgyanta szórókkal m egszakított alu­
mínium lem ez, az alsó 1 m m  vastag sima alum ínium  lemez 
Puc. 12. Волновая картина колебаний, распространяющихся в двух плитах; между плитами 
располагается слой масла для подшипников; первая плита представлена алюминиевой пли­
той мощностью 0,5 мм с рассеивателями из искусственной смолы, а вторая плита — чистой 
алюминиевой плитой мощностью 1 мм
ing its free vibration (transm itter on the top-plate). The wave-pattern obtained 
in this way is demonstrated by Fig. 12.
One thing shows instantly  up. The maximum amplitude, as compared to 
th a t of Fig. 10, increased owing to the thicker plate underneath, and the 
attenuation-section shows, even to the naked eye, the evenly short-period, 
long time-span section.
W ave-patterns of Figs. 10, 11 and 12, were turned into period-recurrence 
spectra (Figs. 13, 14, 15, resp.). Fig. 13 shows a clear maximum a t 4,75 micro­
sec, while Fig. 14 shows no such one. Fig. 15, again shows two considerable 
maxima a t 4,75 and 6,75 microsec.
The suggested interpretation is as follows. The waves reflected on the 
scattering objects in the top-layer (plate) excite both plates (the th in  and the 
thick one equally), and while Fig. 13 reveals a single maximum (one p l a t e  
vibrated), Fig. 15 m ust indicate two maxima, since, apparently, the wave- 
pattern  of Fig. 12 is characteristic for both plates.
The large amplitudes indicate, a t any rate, th a t a loose coupling allows 
vibrations of almost as high an amplitude as a single plate does, although the 
top-layer's single vibration is weaker than  th a t of the bottom-layer. Coupling, 
consepuently, brings the top-laver’s vibration nearer to the bottom  ones, in 
fact, almost levels them off.
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re c u rre n c e
10
I
15 ' ' ' 20 ' ' ' ' 25 ' ' ' ' 30 ' * T,
F ig . 13 Period-recurrence spectrum  for w ave-pattern o f  
Fig. 10
13. ábra A  10. ábra rezgésképéhez tartozó periódusgyakori, 
sági spektrum
Puc. 13. Спектр повторяемости периодов для волновой 
картины рис. 10.
re c u rre n c e
5 11 ' 1 jo 1 ' ' ' i's ' ' ' ' 20 ' ' ' ’ 25 ' 30 T-"'.
F ig . 14 Period-recurrence spectrum  for w ave-pattern o f  F ig. 11
14. ábra A l l .  ábrához tartozó periódusgyakorisági spektrum  
Рис. 14. Спектр повторяемости периодов для волновой картины рис. 11.
re c u rre n c e
15
5 10 15 20 25 30 Ti.-..
F ig . 15 Period-recurrence spectrum  for w ave-pattern o f  F ig. 12
15. ábra A  12. ábrához tartozó periódusgyakorisági spektrum  
Рис. 15. Спект повторяемости периодов для волновой 
картины рис. 12.
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The conclusion of the model-tests is th a t tight coupling (disc-model) blocks 
dominant-period vibrations of individual layers. Instead, a single period, de­
pending on the material and sum-thickness of the layered disc, will he enhanced. 
Loosely coupled two plates, however, reveal vibration-characteristics for both 
plates.
Coda-analysis of shallow-focus earthquakes
Our proper aim is now a t hand. An endeavour will be made to interprète, 
with the model-test background, the surface waves.
The assumption of Aki (1969) concerning the process of coda-generation 
is fundamentally correct. I t  m ust be, however, completed by the results of 
the model test, namely th a t the scattering objects excite the loosely coupled 
plates (layers, or the crust for th a t m atter). The layers s ta r t characteristic, 
eventually resonant-period, vibrations. I t  will be tried to  calculate the thickness 
of layers from their period-response. And if the values obtained in this way, 
showed an a t least approximate correlation with data  collected in another way, 
the above explanation of coda would not be thought to be jumping a t  con­
clusions.
The essential data of the earthquake-analysis are the following. Type of 
seismograph : Kirnos, vertical. Location : Sopron. Time-interval of recordings : 
1968—69. Number of records: 60. Epicentral distance: 5 ° < zl°<50° Para­
meters of the Kirnos seismograph: pass, between 1 and 10, is near-constant. 
Magnification: 700-fold. Useful paper-transport velocity (as determined by the 
pass) 30 mm/min. Actual accuracy of tim ing: 0,2—0,4 sec.
In  order to avoid subjective errors, partly  a large volume of data, partly 
1 sec period-intervals were used.
When calculating velocity, only epicentral distances were taken into con­
sideration, no other distance-data (e.g. distance of the scattering objects) having 
been a t disposal. Three Figures (16, 17, 18), demonstrating three magnitude- 
ranges, testify th a t coda-periods are almost independent of velocity, thus 
neither regular, nor inverse dispersion m ust be taken into consideration in the 
distance range 5°<Ао<50°.
Before proceeding, it is necessary to  examine the dependence o f velocity 
and period of a few waves of the coda, on distance and magnitude. This can be 
carried out by plotting the average-velocity of the last two-three sizable waves 
against the distance (with regard to  the above-mentioned m ag n i tu de - ranges ).
Assuming th a t the relation between velocity and distance can be for­
m ulated by
v = aA° + b'(M), (10)
where b' =  bM  +  c, then
v = aA° + bM + c (11)
can likewise be written.
The constants of Equ. (11) have been tabulated from the data  by the me­
thod of least squares, arriving a t the following equation :
u =  0,019 A ° - 0,32 M  -f 2,45. (12)
se
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F ig . 17 V elocity o f  coda-w aves o f  5 ,l< M = s6  in the function o f  period 
17. ábra 5,1 <  M =s 6 m éretű rengések kóda-hullám ainak sebessége a 
periódusok függvényében
Рис. 17. Зависимость скорости волн-код колебаний размера 
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F ig . 18 V elocity o f  coda-waves of 6 < M  in the function o f  period 
18. ábra 6 < M  m éretű rengések kóda-hullám ainak sebessége 
a periódusok függvényében
Рис. 18. Зависимость скорости волн-код колебания размера 
6 < М  о т  периода
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The different v values completed with the belonging 0,32 M  values and 
plotted against the distance A°, give Fig. 19.
Equ. (12) indicates th a t v is directly proportional with distance, i.e. to  
greater epicentral-distances greater velocities belong.
I t  is worth remarking th a t (12) is nothing else than  another formulation 
of (1). Namely, rearranging (12), the equation
M — — 3,12^ +  0,059 d° +  7,65 (13)
is obtained.
Equ. (1) states th a t the time-span of a shallow-focus earthquake depends 
mainly on magnitude, far less on distance. A longer time-span means th a t 
with increasing magnitude, waves of lower velocity can be observed. W ith 
other words: small v s  require great M , great v s  require small M  values. 
Equ. (13) likewise contributes to the slight dependence of magnitude on dis­
tance.
By calculating the equation with the same considerations for the period 
(Fig. 20),
T  = 0,043 A° + 2,54 M - 6,07. (14)
The coefficient of A° is small, in this case, too; neglecting this quantity  in 
case of short distance, from (12) and (14) the following relation is obtained 
between T  and V :
0 ,3 9 7 4 3 ,1 2 r - 5 ,27 =  0. (15)
Putting it  into words: to greater periods, lower velocities belong. Since T  is 
one of the last arrivals, Equ. (15) equally informs us about the dispersion and 
absorption of waves of different periods. The attention m ust be drawn to the 
fact th a t the waves in question are the last two-three waves of a coda, con-
F ig . 19  V elocity  o f  th e  la s t w aves o f  a  coda in  th e  fu n c tio n  o f  d is tance  
19. ábra  A  kóda  u to lsó  h u llám ain ak  sebessége a  táv o lság  függvényében  
Рис. 19. Зависимость скорости последних волн коды от расстояния
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Fig. 20 Distance-dependence o f  two-there o f the last wave-periods o f a coda 
20. ábra A kóda két-három utolsó hullámának távolságfüggése 
Рис. 20. Зависимость двух-трех последних волн коды от расстояния
sequently, Equ. (15) is suitable to determine the disappearence of waves of a 
certain period, from the attenuation-section.
Equ. (12), (13), (14), (15), however, give information, in this way, about 
the composition of the termination of coda-waves only. The entire attenuation- 
section remains unclarified, i.e. the cited four equations are unsuitable to 
examine the full coda-length.
Layer-thickness determination írom coda-waves
Coda-waves involve a significant time-section of surface waves, in fact, 
the entire part o f slightly varying amplitudes. Consequently, the entire length 
requires close examination.
Referring to the model-tests, first of all a dominant period, characteristic 
for every coda, is to be searched for. I f  such a period existed, it could prove 
that the attenuation-section is nothing else than the natural-frequency response 
o f a plate : in this case the plate being a part of the crust, or the entire layered 
crust and a part of the mantle-top.
This concept, referring to vibrations of another kind, is not novel at all. 
H ard tw ig  (1962) e.g. stated: “ The period-spectra of microseisms reveal extra­
ordinarily sharp recurrence-peaks. Two ways of interpretation are possible: 
a)  either forced-vibrations are at hand, when the force must oscillate in identi­
cal period, or, b )  free oscillations of a relatively well defined and delimited 
body are encountered” . H ard  tw ig  himself refers to earlier authors, and, any­
way, it is well known that W ie ch er t , as early as in 1907, turned the thought 
in mind that earthquake-waves and microseisms are innate motions of rock- 
slabs of vast extension, or o f the crust itself. W iech ert , empirically, assumed 
that far-earthquakes are, in general, o f 17 —18 sec period with a wave-velocity
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o f abt. 3,5 km/sec. The lay er-thickness, equal to a half wave-length, can be 
described by the equation
T  17 5
D =  — v = ~ —- 3,5^30 km.2 2
This result fairly coincides with recently measured average crustal thickness.
Wiechert, however, must have considered a short section of a shock of a 
certain distance. In general, namely, there is empirical proof for this statement, 
for the periods of surface waves are usually not of 17—18 sec.
Taking the entire attenuation-section into consideration, waves of different 
periods show different recurrences. The recurrence curves of the above-men­
tioned shallow-focus earthquakes, as demonstrated on Figs. 16, 17, 18, reveal a 
more realistic tracing of the phenomenon. According to a preliminary assump­
tion, periods are distance-dependent, therefore period-recurrences are taken by 
intervals 5°—10°, 10°—20°, 20°—30° and 30°—50°. (It is not necessary to 
mention that recurrences in each interval were divided by the number of 
shocks in the same interval, in order to reduce recurrence-curves to a single 
shock.).
The figures don’t reveal the distance-dependence of magnitude as ex­
pressed by Equ. (14). It is, however, true that Equ. (14), as mentioned, refers 
only, to a few last waves o f a coda. Except for the interval 5° —10°, where 
there is one recurrence-peak, two peaks show up in all of the rest of the inter­
vals (Fig. 21).
The recurrence-analysis proved to be so promising that no objection 
remained against plotting the period-recurrence reduced to one shock, on a 
single graph, for the entire 5°—50° interval. The two peaks show up, in this 
way, even more clearly (Fig. 22). With regard, however, to distance-magnitude
recurrence
Fig. 21 Period-recurrence curves o f 1000 coda-waves 
21. ábra 1000 kóda-hullám periódusainak gyakorisági görbéje 
Рис. 21. Кривая повторяемости периодов 1000 волн-код
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recurrence
Fig. 22 P eriod  -recurrence cu rves u n ited  
22. ábra A periódusgyakoriság i gö rbék  eg y ü tte s  áb rázo lása  
Рис. 22. Совместное представление кривых повторяемостей периодов
interrelation, the m ethod of least squares was applied to the entire complex 
of data.
According to experiences gained in analysis of microseisms, one is entitled 
to assume th a t distance-dependence is quadratic and magnitude-dependence is 
linear. Consequently
T= aA °2+bA° + cM + d. (16)
Having used the 1000 data  from the 5°—50° distance-interval to  calculate 
the constants of (16), the equation
T =  —0,0036 A°2 +  0,23 A° +  0,34 M  + 4,36 ( 17)
has been obtained.
The quadratic part, however, is no more than  a formal calculation, since 
the function has, a t  A° = 32°, an extreme value. Explicitly, this means th a t T  
increases from zero to  32°, thereafter it decreases. This contradicts to actual 
experiences in the study of surface waves, thus it can easily be rejected. 
A linear smoothing was applied, omitting data  of the 5°—10° interval, for this 
interval showed one peak only. Thus, 729 data  have been left, bu t all of approxi­
m ately identical recurrence. This way, the following equation was obtained
T  =  0,042 A° +  0,0016 iY+8,46. (18)
describing the properties of coda-waves from the 10°—50° interval better.
I t  was stated  earlier (see Figs. 16, 17, 18) th a t p er io d s  ca n n o t d ep en d  con­
siderab ly  on  d istance. Equ. (18) conveys the intelligence th a t periods, among
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them  the dominant one, are ap t to shift; namely, the period 7—8 sec shifts 
toward 9 —10 sec with increasing distance. The physical meaning of this 
phenomenon is th a t increasing distance gives a chance to  absorption and to 
waves with a period-response characteristic for thicker units (layers). Putting 
it into an explicit form: in case of epicentral distances ii< /1°<5°, low-period 
peaks (characteristic for near-surface layers), in case of e.d. 5° <  A° <  10°, 
7—8 sec peaks (characteristic for a complex of such a period-response), are 
obtained, in case of 10< d°, higher period peaks (characteristic for a thick 
unit) dominate.
The fact th a t the coefficient of M  is small, is of particular interest: it 
serves, namely, as another proof of the plate-vibration character of coda-waves. 
As it  is well known, the pitch-level of a vibrating string or plate is independent 
of the amplitude of vibration, it  depends only on the material, thickness and 
stress of the string or plate.
The smallness of the coefficient in question is remarkable anyway, for the 
period of body waves and surface waves is magnitude-dependent, as a rule. 
Thus the result obtained and explained so far, proves the origin of coda-waves 
to  be different from theirs, and proves the coda-waves to  be nearly insensitive 
to  distance.
The next step of approach is to  assume vibrations highly similar to Ray- 
leigh-waves (Habdtwig, 1962).
Regarding plane waves, the solutions of the wave-equation can thus be 
written
и =  сГх(х, z) cos Jc(x— Vt)
where
IV — c 1 —*0 
/ l - 2 x 0
Г 2(х, z) sin k (x — Vt)
Г х(к, z) = е~ч  ^— ( 1 — *0)e~?!2 
Го(к, z) =  — ( 1 — *0)e_?‘z +  e~^z.
Substituting the solutions in the equations of condition, the following term  
is obtained:
3*q— 12*o+14*0 —4==0.
The only solution which can be selected from this, is th a t which is smaller than  
the unit. Thus, the coefficient *0=  1 ——!= =0,42265. C, and parameters
<h= + *  ]/l —2/3 • *0 (/,= + * ] /!  -  2*0
jointly determine the attenuation of amplitudes with depth. The values of qx 
and q2 are given by the following terms :
2it 2л
ç[x=-j- • 0.8475 g2 =  — 0.3933
where A is the wave-length.
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I t  was mentioned above th a t codas don’t  originate from a point-source, 
not even from a linear-source. In  fact, they have a source-area. Thus, velocity 
determination is rather uncertain. I f  accepting the velocity value F  =  3,2 
km/sec observed in microseisms, the following values are obtained
2я • 0.8475 1 1
?1= 3,2 T =  0-772 - ,
2 л -0.3933 1 1
Î 2 - 3,2 ’ T
=  1.6640=-,
Hence, longer periods are less attenuated with depth.
The amplitudes of и and w are
r] = cl\{k , z) l  = c *— -g= r a(A, z).
Vl - 2 « 0
W hen determining constant c, the amplitude of horizontal displacement along 
the surface z = 0 should be the unit.
1 = сГ1(к, 0)=Cx0; hence, c =  —  .
y-n
So, the amplitude of vertical displacement on the plane z = 0 is 1,4679. This is 
quite natural, for in the process of particle-motion of Rayleigh-waves, the rate 
of m ajor and minor axes of the ellipse is just the above value. Rayleigh-waves 
satisfying this consideration can, only in infinite half-space, arise. To turn  the 
pattern  into plate-model, it  is necessary, after H a r d  t w ig , to  assume a layer 
coupled to  another underneath, bu t through a  very th in  intermediate layer,
i.e. loosely. In  this interm ediate,—one m ight say transitional—layer, ampli­
tudes are ap t to decrease rapidly. Let two waves of periods T , resp. T', of 
vertical amplitudes Z, resp. Z' on the surface, change their amplitudes t o |0, 
resp. ló in depth Z0.
Let us approach the nature of the decrease in the following manner:
Z
n
. t -^ 0







with earlier determined values :
T T '  In
Z '
z (19)
(T ' — T)0.772 '
Since period-recurrence curves showed identical peaks, it  was easy to pre­
sume, th a t the period-values of the peak-range were in the above relation with 
the  plate-thickness searched for.
To calculate Equ. (19) numerically, an amplitude vs. period graph is 
necessary. For this reason, only an abt. one fifth  p a rt of the data  of Fig. 23 is
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suitable. This curtailing is caused by the particle-motion of coda-waves. Only 
a part of the wave-pattern can be identified as Rayleigh-type waves, therefore 
only such waves of the vertical components were taken into consideration, 
where clear period-values were accompanied by rapid amplitude-change. The 
number of data: 182, bu t only their 50% satisfy the above condition, the other 
50% have been selected a t random.
Periods vs. amplitudes, smoothed with a quadratic curve (using the least 
squares method), gave the following formula:
T =  -0 ,4 7  Z 2 +  4 ,28Z +  1,83. (20)
The T ,T ' and Z ,Z ' series, for the surroundings of the first recurrence-peak 
around 7 — 8 sec, are demonstrated (calculated with overlapping period-inter­
vals) on Table I. The mean value of z0 is 18,4 km.
Ta ble I I  shows the same series for period-range around 9 — 10 sec. The mean 
value of z0, in this range, is 29,63 km.
The round numbers: 7—8 and 9 — 10 sec are, actually, varying between 




F ig . 24  R ecurrence  cu rve  fo r o verlapp ing  
period  - in te rv a ls
24. ábra  A z egym ást fedő p e rió d u s-in te rv a l­
lu m o k ra  sz á m íto tt gyakoriság i görbe 
Puc. 24. Кривая повторяемости, расчитанная для 
перекрывающих друг друга интервалов пе риодов
calciüational error, and is res­
ponsible for relatively large 
deviations on the tables.
The results of calculations 
with overlapping period-inter­
vals is dem onstrated on Pig. 
24. Beside the  two maxima 
mentioned, a  weak maximum 
shows up between 5 — 7 sec, too. 
The corresponding depth is 
13,7 km. Its  significance 
doesn’t  even come near to th a t 
of the former ones, bu t it is 
thought to be worth of men­
tioning.
T a b le  I .
T T’ z Z’ Z„
7,475 7,612 1,60 1,65 16,42
7,475 7,748 1,60 1,70 16,74
7,748 7,880 1,70 1,75 17,11
7,748 8,011 1,70 1,80 17,52
8,139 8,265 1,85 1,90 18,51
8,139 8,389 1,85 1,95 18,57
8,389 8,510 1,95 2,00 20,11
8,389 8,629 1,95 2,05 19,17
8,510 8,745 2,00 2,10 20,06
8,629 8,745 2,05 2,10 19,80
T a b le  I I .
T T’ z Z’ Z,
9,395 9,592 2,40 2,50 24,42
9,688 9,781 2,55 2,60 26,00
9,688 9,871 2,55 2,65 25,90
9,960 10,045 2,70 2,75 28,60
9,960 10,129 2,70 2,80 28,24
10,210 10,289 2,85 2,90 30,40
10,210 10,366 2,85 2,95 30,25
10,366 10,440 2,95 3,00 31,80
10,366 10,512 2,95 3,05 32,20
10,512 10,581 3,05 3,10 33,30
10,512 10,713 3,05 3,20 34,80
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When sampling the x’ecords, coda-waves have arbitrarily been considered 
as Rayleigh-waves. In  reality, however, codas m ust be composed of several 
kinds of surface waves. To extinguish any other components, first of all a 
vertical seismograph was, as mentioned, used. Secondly, for a special coda- 
analysis such an earthquake was selected, where the tangent of the great circle 
traversing the epicentre and the recording-station was E-W  oriented, con­
sequently Rayleigh-type waves could best be expected on the vertical and 
E-W  component. The particle-motion, sampled from certain sections of the 
coda, is dem onstrated on Eig. 25. Although no completely clear Rayleigh- 
ellipse could be expected, the overwhelming m ajority of the graphs show par- 
ticlemotions approximating forward or backward rotating ellipses.
N ot every wave of a complete coda, however, approximates the Rayleigh 
wave even to such an extent. Nevertheless, the amplitudes of all measurable 
waves (1000 data!) have been plotted against period (Fig. 26). The mass of 
da ta  is very similar to  the figure of K a x a i et al. (1954) obtained for short- 
period microseisms. The only essential difference is th a t the bottom -dots on 
Fig. 26 show a decided thickening. I t  is interesting to  note, how the coda- 
pattern  reminds of th a t of microseisms.
Ju s t for sure, the phenomenon was subjected to  another test. To tu rn  the 
dots into a quadratic function of period vs. amplitude, however, required some 
trick, for the “cloud” of dots was too scattered. I t  was assumed th a t to  zero 
periods, zero amplitudes belong, and their number was equalled to the number 
o f dots. The equation of the curve obtained in this way is:
— 0,32 z2 +  4 ,1 3 Z + 1,98.
Comparing this equation to  the former one (the curve of which is likewise 
plotted on Fig. 26), the difference is, apparently, rather slight. The deviation, 
however, increases toward higher periods, and for good reasons : the first equat­
ion was based on systematically selected data, the second, on every data. In  
establishing the first equation, no high periods were needed, because the three 
peaks pre-selected the ranges of interest. I t  is obvious th a t the second curve 
was “pulled down” by the higher periods. The quadratic nature of the curve 
is likewise questionable, and the whole problem requires further investigations, 
moreover: it indicates a possible direction of research.
I t  has not been mentioned so far th a t the thickness-data, if regarded as 
referring to  crustal structure (to the Conrad, and Moho surface, namely), are 
very close to  those obtained by ESS (Mittjch—P osgay, 1967/68). The value 
29,63 km might symbolize the maximum thickness of the crust of the Car­
path ian  Basin, for the crust of this region is a cupola-bottomed plane-concave 
slab (the least DSS thickness is abt. 23 km), for the station is situated on the 
margin of the basin. The value 18,4 km coincides, almost within the order of 
meters, with the DSS-determined Conrad depth. This might mean th a t the 
granitoid p a rt of the crust is plane-parallel, contrarily to  the entire crust.
Anyway, it  seems to have been a successful endeavour, utilizing the period- 
recurrence and period vs. amplitude relation of coda-waves, to  obtain data  for 
crustal structure; data  which are fairly supported by other results. The con­
cept, consequently, m ust have been correct : the explanation of coda-waves by 
plate-vibrations is not irrealistic a t all.
The only problem left, is the loose coupling. Many explanations can be,
F ig . 25  P a rtic le -m o tio n  o f  an  ea rth q u ak e  o f 26, 7 (22, 49, 41,3), 
1969?) =  21,6 N  /1= 111,9 E  I f  =  6,4
25. ábra  1969. V II . 25 22 49 41,3 q> =  21,6 N  A = l l l , 9  E , M =  5,4 rengés 
k ó d a-h u llám ain ak  részecskem ozgása 
Рис. 25. Смещение частиц волн-код землетрясения, происшедшего 
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and actually have been advanced about the nature of the “intermediate 
layers” (e.g. Müller—Landisman, 1966). I t  is a m atter of fact, th a t the 
clarification of this phenomenon requires a great deal of further investigations.
Anyway, if one accepts the loose coupling for a fact, the interpretation of 
Equ. (la) will be easier a t once.
In such a case, namely, the necessary considerations are rather simple and, 
besides, consistent with observed and reported facts. The pa tte rn  is as follows: 
the wide-band waves generated in the source-area of the epicenter, in great 
m ajority correspond in their period to  the natural periods of the plates (layers, 
crustal layers) a t hand, and travel forth as plate-vibrations. The absorption 
coefficient of surface waves is small, thus the energy-loss during the travel is 
likewise slight. Hence, it  is easy to  comprehend, why the duration of the surface 
waves (as described by Equ. [la]) is not significantly depending on distance. 
During the travel, their dominant periods always correspond to  the local 
structural properties (material, thickness) of the plate, i.e. to  the periods de­
pending on these properties. The data, in which the phenomenon reveals 
itself, albeit statistically random, are suitable to determine and to  trace crustal 
structure traversed by these waves.
The possible ways of further investigations :
1. whether there is or there is not a recurrence-peak in the ultra-long 
period-range; if yes, perhaps it  would be suitable to  trace the depth-variation 
of the Gutenberg-channel, and what the correlation is between the depth-data 
obtained this way and by other means (e.g. MTS) ;
2. model-experiments should clarify such forms of coupling which allow 
quasi-free plate-vibrations ;
3. consideration should be given to  turning these investigations over to the 
applied field, namely, to  test plate-thickness determinations in the near-surface 
layers (within the reach of geophysical exploration) ;
4. it is suggested to  extend these investigations to  regions, considerably 
differring from the Carpathian Basin; i t  is thought, namely, th a t paltform- 
regions, shields, especially with a thick station-network, are even more suitable 
for such investigations than  the small, closed, unevenly thin-crusted Carpathian 
Basin.
These tasks, however, exceed the intention of the present paper.
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